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Analysis of nonlocal and nonsmooth models

Schedule: Monday March 25

Lecture Room: V2-210/216

08:45-09:30 Registration

09:30-10:10 Krzysztof Bogdan
Semilinear Dirichlet problem for the fractional Laplacian

10:15-10:45 Tee and Coffee

10:45-11:25 Vanja Wagner
Nonlocal quadratic forms with visibility constraint

11:30-12:10 Fabio Cipriani
How to hear the shape of a drum

12:15-14:00 Lunch

14:00-14:40 Tomasz Grzywny
Dirichlet problem for nonlocal operators with kernels of variable orders

14:45-15:25 Alexei Kulik
Regression approximation for locally a-stable Lévy-type processes, with
applications to statistics and simulation

15:30—-16:00 Tee and Coffee
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Schedule: Tuesday March 26

Lecture Room: V2-210/216

09:30-10:10

10:15-10:45

10:45-11:25

11:30-12:10

12:15-14:00

14:00—14:40

14:45-15:25

15:30-16:00

Anders Bjorn
Sobolev spaces and p-harmonic functions on metric spaces

Tee and Coffee

Juha Lehrback
Geometric conditions for fractional Hardy and Hardy-Sobolev inequalities

Katarzyna Pietruska-Patuba
Integrated density of states for nonlocal Schrodinger operators on the
Sierpinski gasket

Lunch

Laurent Lafleche
Convergence to Equilibrium for the Fractional Fokker-Planck Equation

POSTER SESSION

Tee and Coffee



Analysis of nonlocal and nonsmooth models

Schedule: Wednesday March 27

Lecture Room: V2-210/216

09:30-10:10

10:15-10:45

10:45-11:25

11:30-12:10

12:15-14:00

14:00—14:40

14:45-15:25

15:30—16:00

Jian Wang
Periodic homogenization of non-symmetric Lévy-type processes

Tee and Coffee

Matteo Cozzi
Rigidity results for nonlocal minimal graphs

Giampiero Palatucci
Analysis of nonlocal and nonsmooth models

Lunch

Anna Rozanova-Pierrat
Dirichlet-to-Neuman operator on d-sets

Maria Rosaria Lancia
Nonlocal heat transfer across irregular interfaces

Tee and Coffee



Analysis of nonlocal and nonsmooth models

Schedule: Thursday March 28

Lecture Room: V2-210/216

09:30-10:10

10:15-10:45

10:45-11:25

11:30-12:10

12:15-14:00

14:00—14:40

14:45-15:25

15:30—16:00

Matteo Bonforte
Nonlinear and Nonlocal Degenerate Diffusions on Bounded Domains

Tee and Coffee

Tuhin Ghosh
The Fractional Calderon problem

Tadele Mengesha
Solvability of a system of nonlocal equations related to peridynamics

Lunch

James Scott
New Characterizations of Sobolev and Potential Spaces

Jamil Chaker
Nonlocal Operators with singular anisotropic kernels

Tee and Coffee



Analysis of nonlocal and nonsmooth models

Schedule: Friday March 29

Lecture Room: V2-210/216

09:30-10:10 Espen Jakobsen
The Liouville theorem and linear operators satisfying the max principle:
classification in the constant coefficient case

10:15-10:45 Tee and Coffee

10:45-11:25 Bartlomiej Dyda
Muckenhoupt A,-properties of distance functions and applications to
Hardy-Sobolev -type inequalities

11:30-12:10 Grzegorz Karch
Stable discontinuous patterns in reaction-"diffusion" models

12:15-14:00 Lunch
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Abstracts

Anders Bjorn (Link6ping University)
Sobolev spaces and p-harmonic functions on metric spaces
A Borel function g: X —[0,00] is an upper gradient of w if

[u(4(0)—u((1,))| < / gds

for every rectifiable curve v in the metric space X. The first-order (so-called Newtonian) Sobolev

space N'?(X) can then be defined using the norm
1/p

||u||N1,p:inf(/(|u|p+gp)du) ,
9 X

where the infimum is over all upper gradients g of u. I will discuss these Sobolev spaces and
how they are used to define p-harmonic functions on metric spaces.

The p-harmonic functions are a nonlinear generalization of the classical harmonic functions. As
the upper gradient is only scalar-valued we cannot define p-harmonic functions using an equation
in this generality. Instead they are defined as minimizers of the p-energy integral

/ gPdy.
This definition has some nonlocal aspects that I will try to explain. However, on R™ it coincides
with the usual definition of p-harmonic functions, and is local.
In the last 20 years quite an extensive potential theory has been built for p-harmonic functions
on metric spaces, and I will try to convey some of its features. Many of the recent results are
new also on unweighted R".

I may also discuss quasiminimizers which is a nonlocal notion even on R. A p-harmonic function
is a quasiminimizer, but quasiminimizers is a more general notion.

Krzysztof Bogdan (Wroctaw University of Science and Technology)
Semilinear Dirichlet problem for the fractional Laplacian

We give a general framework and results on existence, representation, and uniqueness of solutions
to the semilinear problem for the fractional Laplacian with Dirichlet conditions on the complement
and at the boundary of general open sets.

Matteo Bonforte (Universidad Auténoma de Madrid)
Nonlinear and Nonlocal Degenerate Diffusions on Bounded Domains

We study quantitative properties of nonnegative solutions to a nonlinear and nonlocal diffu-
sion equation posed in a bounded domain, with appropriate homogeneous Dirichlet boundary
conditions. The diffusion is driven by a linear operator in a quite general class, that includes
the three most common versions of the fractional Laplacians on a bounded domain with zero
Dirichlet boundary conditions, as well as many other examples. The nonlinearity is allowed to
be degenerate, the prototype being |u|™ tu, with m> 1.

We will shortly present some recent results about existence, uniqueness and a priori estimates for a
quite large class of very weak solutions, that we call weak dual solutions. Then we will concentrate
on the regularity theory: decay and positivity, boundary behavior, Harnack inequalities, interior
and boundary regularity, and asymptotic behavior. All this is done in a quantitative way, based
on sharp a priori estimates. Although our focus is on the fractional models, our techniques cover

9
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also the local case s=1 and provide new results even in this setting. A surprising instance of this
problem is the possible presence of nonmatching powers for the boundary behavior: this unexpected
phenomenon is a completely new feature of the nonlocal nonlinear structure of this model, and it is
not present in the semilinear elliptic case, for which we will shortly present the most recent results.

The above results are contained on a series of recent papers in collaboration with A. Figalli, Y.
Sire, X. Ros-Oton and J. L. Vazquez.

Jamil Chaker (University of Chicago)
Nonlocal Operators with singular anisotropic kernels

We study nonlocal operators that generate anisotropic jump processes, such as a jump process
that behaves like a stable process in each direction but with a different index of stability. Its
generator is the sum of one-dimensional fractional Laplace operators with different orders of
differentiability. We study such operators in the general framework of bounded measurable
coefficients. The objective of this talk is to provide regularity results for weak solutions to
corresponding integro-differential equations.

Joint work with Moritz Kassmann.

Fabio Cipriani (Politecnico di Milano)
How to hear the shape of a drum

In a iconic 1912 paper Hermann Weyl, motivated by problems posed by the physicist H.A. Lorentz
about J.H. Jeans’s radiation theory, showed that the dimension and the volume of a Euclidean
domain may be traced from the asymptotic distribution of the eigenvalues of its Laplace operator.
In a as much famous 1966 paper titled “Can one hear the shape of a drum” MarcKac popularized
this and related problems connecting geometry and spectrum. Henoticed that the hope to
characterize isometrically, Euclidean domains or compact Riemannian manifolds by the spectrum
of the Laplace operator, is vain: John Milnor had showed in 1964 non isometric 16 dimensional
tori sharing a common (discrete) spectrum.
The aim of the talk is to show how to detect conformal maps v€hom(U,V) between Euclidean
domains U,V CRR" as those homeomorphisms which transform multipliers a € M(H"*(V)) of
the Sobolev-Dirichlet spaces H%*(V') into multipliers aoye M(H?(U)) of H*(U) and leave
invariant the fundamental tone

p(a)=pu(aoy)
of the Dirichlet integral D[b]:= [,,|Vb|*-dz with respect to the energy measures I'la]:=|Va|*-dz
on V of the multiplier. Related results hold true for quasiconformal and bounded distortion maps.
The methods involve potential theory of Dirichlet forms (changing of speed measure, multipliers)
and the Li-Yau conformal volume of Riemannian manifolds.

Matteo Cozzi (University of Bath)
Rigidity results for nonlocal minimal graphs

Nonlocal minimal surfaces are hypersurfaces of Euclidean space that minimize the fractional
perimeter, a geometric functional introduced in 2010 by Caffarelli, Roquejoffre & Savin in
connection with phase transition and diffusion problems involving very long-range interactions.
In this talk, I will focus on the class of nonlocal minimal surfaces that can be written as graphs
over the whole space R™. I will present some recent advancements on the classification of these
minimizers. Such rigidity results will be a consequence of a weak Harnack-type inequality for

10
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non-negative supersolutions of integral equations posed on nonlocal minimal surfaces and on
more general hypersurfaces of R**! having Euclidean volume growth.

The talk will be based on works done in collaboration with X. Cabré (ICREA & UPC Barcelona),
A. Farina (Université de Picardie), and L. Lombardini (Universita di Milano).

Barttomiej Dyda (Wroctaw University of Science and Technology)
Muckenhoupt A,-properties of distance functions and applications to Hardy-Sobolev-type in-
equalities

Let X be a metric space equipped with a doubling measure. We consider weights w(x) =
dist(z,E)~, where E is a closed set in X and aw€R. We present sharp conditions, based on
the Assouad (co)dimension of E, for the inclusion of w in Muckenhoupt’s A, classes of weights,
1<p<oo. We will also present an application of these results: (global) fractional Hardy-Sobolev
inequalities in the setting of metric spaces.

Joint work with Lizaveta Thnatsyeva, Juha Lehrbéck, Heli Tuominen and Antti V. Véhikangas.

Tuhin Ghosh (The Hong Kong University of Science and Technology)
The Fractional Calderon problem

We will be discussing the fractional Calderon problem, where one tries to determine an unknown
potential in a fractional Schrodinger equation from the exterior measurements of solutions.

Tomasz Grzywny (Wroctaw University of Science and Technology)
Dirichlet problem for nonlocal operators with kernels of variable orders
We consider the nonlocal Dirichlet problem
Lu=f inD,

u=g in D,

where L is an integrodifferential operator of the form
Lu(z)=lim |y‘>E(U(x+y)—U(x))V(Iyl)dy,

where v:(0,00) > [0;00) is a non-increasing function satisfying

/ (AP (r)r*tdr < co.
0

We present a classical representation formula for distributional solutions to the above problem
and study the question under which assumptions distributional solutions are twice differentiable
in the classical sense. Sufficient conditions and counterexamples are provided.

References

[1] K. Bogdan, T. Grzywny, K. Pietruska-Patuba and A. Rutkowski, Extension theorem for nonlocal
operators, arxiv: https://arxiv.org/abs/1710.05880

[2] T. Grzywny, M. Kassmann and .. Lezaj, Remarks on the nonlocal Dirichlet problem, arxiv:
https:/ /arxiv.org/abs/1807.03676
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Espen Jakobsen (Norwegian University of Science and Technology)

The Liouville theorem and linear operators satistying the max principle: classification in the
constant coefficient case

I will present a classification of linear operators . satisfying the Liouville theorem: Bounded
solutions of .Zu=0 are constant. Our results give necessary and sufficient conditions for all the gen-
erators of Levy processes, or in other words, the constant coefficient linear operators satisfying the
max principle. Some examples of such generators are the Laplace, fractional Laplace, and discrete
finite differences operators. The main novelty is the inclusion of the nonlocal part of such operators.
Our proofs are short and natural and differs from most proofs e.g. for the fractional Laplacian.
This is joint work with Nathael Alibaud (Besancon, France), Felix del Teso, and Jgrgen Endal
(both NTNU, Norway).

Grzegorz Karch (University od Wroctaw)
Stable discontinuous patterns in reaction-"diffusion" models

I will explain that certain large class of systems of reaction-diffusion equations, either with a
local diffusion modeled by Laplacian or with a non-local "diffusion" given by an integral operator,
may have stationary solutions with discontinuities of a jump type.

These are results obtained jointly with Anna Marciniak-Czochra from Heidelberg University,
Kanako Suzuki from Ibaraki University, and Szymon Cygan from University of Wroctaw.

Alexei Kulik (Wroctaw University of Science and Technology)

Regression approximation for locally a-stable Lévy-type processes, with applications to statistics
and simulation

We study a class of locally a-stable Lévy-type processes, which contain both a ‘principal” a-stable
part (with state dependent jump kernel and the velocity field) and a ‘residual’ lower order jump part.
We construct an approximation in law for such processes by non-linear regressions of the form X}’ =
f;(x)+t/*U? with a deterministic regressor term f;(x) and a-stable innovation term UF. A case
study is performed, revealing different types of assumptions which lead to various choices of regres-
sor/innovation terms and various types of the estimates. The assumptions are quite general, cover
the super-critical case <1, and allow non-symmetry of the Lévy kernel and unboundedness of the
velocity field. Several applications to statistics and Monte-Carlo simulation methods are discussed.

Laurent Lafleche (Université Paris Dauphine)
Convergence to Equilibrium for the Fractional Fokker-Planck Equation

In the case of a space homogeneous distribution of particles, the Fokker-Planck equation is nothing
but a diffusion equation with a conservative drift. When the drift is created by a confining
potential, the rate of convergence is known and depends on the growth of the potential at infinity.
In this talk, I will explore the case of a Fokker-Planck equation with fractional diffusion, i.e.
O f =A% f+div(E f) where A® denotes the fractional Laplacian and E is a confining force field
with polynomial growth at infinity. This result is motivated by the strong analogy between the
fractional Laplacian and the linearized Boltzmann operator, and it can also be proved that such
an equation appears as a diffusion limit of kinetic equations with fat tails equilibria. The difficulty,
in comparison with the classical Laplacian, comes from the fact that when s<1/2, the effect
of the drift becomes stronger at small scales, resulting in the loss of the strong regularization
properties of the diffusion. Therefore, when the regularization is not strong enough, we use

12
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instead the nonlocal behavior of the fractional Laplacian which implies a gain of positiveness
of the solutions to get the convergence to the stationary state.

Maria Rosaria Lancia (Universita di Roma Sapienza)
Nonlocal heat transfer across irregular interfaces

We consider a nonlocal heat flow across a highly conductive layer of fractal type. Mathematically
it is described by a parabolic quasilinear non local Venttsel problem which is also known as
boundary value problem with dynamical boundary conditions.

Fractal layers and fractal boundaries may be of great interest to describe those physical settings in
which diffusion phenomena take place in small volumes with large surfaces; for instance, with the
increasing miniaturization of electronic chips and increasingly larger heat dissipation rates, better
design of cooling systems are necessary. Having in mind the application point of view, it is also
important to consider a non local term. Indeed, in the framework of heat transfer problems the
nonlocal term accounts for a non constant conductivity which scales in a suitable way. Existence
and uniqueness results of the weak solution will be discussed as well the issues concerning the
numerical approximation. As we will see, in order to have an optimal rate of convergence it is
crucial to prove regularity results for the weak solution in weighted Sobolev spaces. The structure
of the non local term, which behaves like a regional fractional Laplacian, will play a key role.
Open problems will be discussed.

These results are obtained in collaboration with S.Creo, A.Nazarov, A.Velez-Santiago and P.Vernole.

Juha Lehrbéck (University of Jyviskyld)
Geometric conditions for fractional Hardy and Hardy-Sobolev inequalities

The purpose of this talk is to review various conditions which are sufficient and/or necessary
for the validity of fractional Hardy and Hardy-Sobolev type inequalities in Euclidean spaces and
in more general metric spaces. These inequalities resemble the usual Sobolev inequalities with
respect to an open set {2, but they also take into account the distance dist(z,012) to the boundary
of Q. The conditions for their validity can be formulated in several different (but equivalent)
ways. Rather simple geometric versions, which also reveal an interesting duality between different
cases of the inequalities, are obtained by using the so-called Assouad (co)dimensions.

This talk is based on joint works with Barttomiej Dyda, Lizaveta Thnazyeva, Heli Tuominen and
Antti Vdhédkangas.

Tadele Mengesha (The University of Tennessee, Knoxville)
Solvability of a system of nonlocal equations related to peridynamics

I will present recent results on solvability of a system of equations that is used in a nonlocal
model in mechanics. The nonlocal model is made up of a strongly coupled system of integral
equations and is a nonlocal analogue of the Navier-Lame’ system of classical elasticity.

We will discuss the well-posedness of the system as well as demonstrate optimal local Sobolev
regularity of solutions. Connections between the associated nonlocal energy spaces and corre-
sponding classical function spaces will be established. Conditions that imply compact embedding
of these spaces in classical spaces will be given.

13
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Giampiero Palatucci (Universita di Parma)
Analysis of nonlocal and nonsmooth models

We present some regularity estimates for viscosity solutions to a class of possible degenerate and
singular integro-differential equations whose leading operator switches between two different types
of fractional elliptic phases, according to the zero set of a modulating coefficient a=a(:,-). The
model case is driven by the following nonlocal double phase operator,

LG aa CC BT R PG B e CC RO

|x_y|n+5p |x_y|n+tq

where ¢ >p and a(-,-) 2 0. Our results do also apply for inhomogeneous equations, for very
general classes of measurable kernels. By simply assuming the boundedness of the modulating
coefficient, we are able to prove that the solutions are Holder continuous, whereas similar sharp
results for the classical local case do require a to be Holder continuous. To our knowledge, this
is the first (regularity) result for nonlocal double phase problems.

References

[1] M. CoLomBO, G. MINGIONE: Regularity for Double Phase Variational Problems. Arch. Rational
Mech. Anal. 215 (2015), 443-496.

[2] M. CoLoMBO, G. MINGIONE: Bounded Minimisers of Double Phase Variational Integrals. Arch.
Rational Mech. Anal. 218 (2015), 219-273.

[3] C. DE Fiuippis, G. Paratuccr: Holder regularity for nonlocal double phase equations. J. Differen-
tial Equations. https://doi.org/10.1016/j.jde.2019.01.017

[4] G. Pavatuccr: The Dirichlet problem for the p-fractional Laplace equation. Nonlinear
Anal. 177 (2018), 699-732.

Katarzyna Pietruska-Patuba (University of Warsaw)
Integrated density of states for nonlocal Schrédinger operators on the Sierpiriski gasket

For the Schrédinger operator based on the generator of a subordinate Brownian motion on the
Sierpinski gasket influenced by an attractive random Poisson potential

HY=Ly+V",
we construct the integrated density of states (IDS). We then examine its asymptotical behaviour

near zero (the bottom of the spectrum of the operator considered) and we prove the Lifschitz
singularity of the IDS.

The results were obtained jointly with Kamil Kaleta (Wroctaw University of Technology).

References

[1] K. Kaleta, K. Pietruska-Paluba, Integrated density of states for Poisson-Schrédinger processes
on the Sierpiriski gasket, Stochastic Process. Appl. 125 (2015), 1244-1281.

[2] K. Kaleta, K. Pietruska-Patuba, Lifschitz singularity for subordinate Brownian motions in presence
of the Poissonian potential on the Sierpiniski gasket, Stochastic Process. Appl. 128 (2018) 3897-3939.
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Anna Rozanova-Pierrat (Ecole Centrale Paris)
Dirichlet-to-Neuman operator on d-sets

In the framework of the Laplacian transport, described by a Robin boundary value problem in
an exterior domain in R”, we generalize the definition of the Poincaré-Steklov operator to d-set
boundaries, n—2 <d<n, and give its spectral properties to compare to the spectra of the interior
domain and also of a truncated domain, considered as an approximation of the exterior case.
The well-posedness of the Robin boundary value problems for the truncated and exterior domains
is given in the general framework of n-sets. The results are obtained thanks to a generalization
of the continuity and compactness properties of the trace and extension operators in Sobolev,
Lebesgue and Besov spaces, in particular, by a generalization of the classical Rellich-Kondrachov
Theorem of compact embeddings for n and d-sets.

James Scott (The University of Tennessee, Knoxville)
New Characterizations of Sobolev and Potential Spaces

We show that a class of spaces of vector fields whose semi-norms involve the magnitude of
“directional" difference quotients is in fact equivalent to the class of fractional Sobolev spaces.
The equivalence can be considered a Korn-type characterization of fractional Sobolev spaces. We
additionally show that the class of vector-valued Bessel potential spaces can be characterized by
a Marcinkiewicz-type integral that that is — pointwise — smaller than the classical Marcinkiewicz
integral, and does not resemble other classes of potential-type integrals found in the literature.
In applications, these results are used to better understand spaces of vector fields associated to
a strongly coupled system of nonlocal equations related to a continuum model of peridynamics.
This talk is comprised of joint work with Tadele Mengesha.

Vanja Wagner (University of Zagreb)
Nonlocal quadratic forms with visibility constraint

Given a subset D of the Euclidean space, we study nonlocal quadratic forms that take into
account tuples (z,y) € Dx D if and only if the line segment between x and y is contained in D.
In this talk, we discuss regularity of the corresponding Dirichlet form for special classes of jumping
kernels and domains D, leading to the existence of a pure jump process on D with, so called,
visibility constraint. Furthermore, we study the corresponding Poincaré inequalities in dumbbell
shaped domains and show that the forms satisfy a Poincaré inequality with diffusive scaling.
Joint work with Moritz Kassmann.

Jian Wang (Fujian Normal University)

Periodic homogenization of non-symmetric Lévy-type processes

We consider the homogenization problem for a Lévy-type operator in a medium with a periodic
structure. Under a proper scaling of this operator, we establish the limit behavior of the rescaled
operator as the scaling parameter tends to zero. In particular, we can completely characterize
the homogenized process associated with the following typical operator

1 1
Lf(z)=p.v. /R (fatz)=f(2)k(z,2) (Wl{lzgl}JFWl{lzbl})dzv

where k(z,z) is uniformly elliptic such that the function x+ k(z,z) is periodic for each z€ R,
and the indexes a€(0,2) and S € (0,00).
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Some recommendations for restaurants

(1) Argentina-Steakhouse (https://argentina-steakhouse.de/)
Argentinian beef at its best

(2) Brauhaus (https://bielefeld.brauhaus-joh-albrecht.de/)
Home made beer plus German style food

(3) Kometsu (http://www.kometsu.de/index.html)
Authentic Japanese place for sushi

(4) KDW (http://www.kdw-restaurant.de/index.html)
Fine Greek cuisine

(5) Numa (http://www.numa.de/)
Asia meets East-Westphalia

(6) Wernings Weinstube (https://www.wernings-weinstube.de/)
Some regional dishes plus a good selection of wines

(7) Sparrenburg (https://www.restaurant-sparrenburg.de/)
German style food at the castle above Bielefeld

(8) Wilde Kuh/ Wilde Kuh 2 (https://www.facebook.com/WildeKuhBurger/)
Excellent “build your own burger" place

(9) Three sixty (http://bielefeld.three-sixty.de/)
Sports bar with burgers and other snacks

(10) Jivino (http://www.jivino-enoteca.de/)
Spanish tapas

(11) Bernstein (https://www.the-bernstein.com/)
Dinner plus cocktails in a fancy rooftop restaurant
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Line 4

Rathaus mo "5.

Linie 4 Jahnplatz - Hauptbahnhof - Rudolf-Oetker-Halle - Universitat -
Lohmannshof

Linie 10 Janhnplatz - Hauptbahnhof - Rudolf-Oetker-Halle - Universitat -

Lohmannshof
Montag - Freitag Samstag Sonn- u. Feiertag
Std. | Minuten Minuten Minuten
4 | 41 | 56
5111 | 26 | 41 | 56
6| 07 | 17 | 27 | 37 | 47 | 57 11 | 26 | 41 | 56
7107 |17 | 27 | 37 | 47 | 57 11 | 26 | 41 | 56
8|07 |17 | 27 | 37 | 47 | 57 11 | 26 | 41 | 56 21 | 41 | 56
9| 07 |17 | 27 | 37 | 47 | 57 11 | 26 | 41 | 56 11 | 26 | 41 | 56
10 | 07 | 17 | 27 | 37 | 47 | 57 11 | 26 | 41 | 50 | 56 11 | 26 | 41 | 56
11 | 07 | 17 | 27 | 37 | 47 | 51| 57 | O7 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
12 | 07 | 17 | 27 | 37 | 47 | 57 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
13 | 07 | 17 | 27 | 37 | 47 | 57 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
14 | 07 | 17 | 27 | 37 | 47 | 57 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
15| 07 | 17 | 27 | 37 | 47 | 57 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
16 | 07 | 17 | 27 | 37 | 47 | 57 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
17 | 07 | 17 | 27 | 37 | 47 | 57 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
18 | 07 | 17 | 27 | 37 | 47 | 57 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
19 | 07 | 17 | 27 | 42 | 56 07 | 17 | 27 | 37 | 47 | 57 | 11 | 26 | 41 | 56
20| 11 | 26 | 41 | 56 11 | 26 | 41 | 56 11 | 26 | 41 | 56
21 | 11 | 26 | 41 | 56 11 | 26 | 41 | 56 11 | 26 | 41 | 56
22 | 11 | 26 | 41 | 56 11 | 26 | 41 | 56 11 | 26 | 41 | 56
23 | 11 | 25 | 41 | 55 11 | 26 | 41 | 56 11 | 25 | 41 | 55
O|11 |25 |4 11 | 26 | 41 11 | 25 | 41
@ : fahrt nur an Schultagen, Anderungen moglich Bitte beachten Sie die Sonderfahrpléane am 24.12. und 31.12.
m?:’]ggigﬂgn erhalten Sie in unseren Kundenzentren und unter E)r?jeﬁrégi:bigtdi?] ?\‘.ggh%lgdss_éranﬁrtggiéi?nmags und an Feiertagen
Nachste Verkaufsagentur: giiltig ab: 17.06.2018 -
ServiceCenter moBiel und Kundenzentrum Jahnplatz Nr. 5, Haltestelle Jahnplatz
Infotelefon moBiel, rund um die Uhr (05 21) 51-45 45 www.moBiel.de FE
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Analysis of nonlocal and nonsmooth models

Line 4
Universitat mm
Linie 4 Rudolf-Oetker-Halle - Hauptbahnhof - Jahnplatz - Rathaus
Linie 10 Rudolf-Oetker-Halle - Hauptbahnhof - Jahnplatz - Rathaus -
Krankenhaus Mitte - Sieker Mitte - Stieghorst
Montag - Freitag Samstag Sonn- u. Feiertag
Std. | Minuten Minuten Minuten
5109 | 24|39 |54
6|09 | 19|29 |39 |49 ] 59 39 | 54
7109 |19 |29 |39 |49 ] 59 09 | 24 | 39 | 54
8|09 | 19|29 |39 |49] 59 09 | 24 | 39 | 54 39
9|09 | 19|29 |39 |49 |59 09 | 24 | 39 | 54 09 | 24 | 39 | 54
10 | 09 | 19 | 29 | 39 | 49 | 59 09 | 24 | 39 | 49 | 59 09 | 24 | 39 | 54
11 | 09 | 19 | 29 | 39 | 49 | 59 09 | 19 | 29 | 39 | 49 | 59 | 09 | 24 | 39 | 54
12 | 09 | 19 | 29 | 39 | 49 | 59 09 | 19 | 29 | 39 | 49 | 59 | 09 | 24 | 39 | 54
13 |054@ 09 | 19 | 29 | 39 | 49 [ 59 | 09 | 19 | 29 | 39 | 49 | 59 | 09 | 24 | 39 | 54
14 | 09 | 19 | 29 | 39 | 49 | 59 09 | 19 | 29 | 39 | 49 | 59 | 09 | 24 | 39 | 54
15|09 | 19 | 29 | 39 | 49 | 59 09 | 19 | 29 | 39 | 49 | 59 | 09 | 24 | 39 | 54
16 | 09 | 19 | 29 | 39 | 49 | 59 09 | 19 | 29 | 39 | 49 | 59 | 09 | 24 | 39 | 54
17 | 09 | 19 | 29 | 39 | 49 | 59 09 | 19 | 29 | 39 | 49 | 59 | 09 | 24 | 39 | 54
18 | 09 | 19 | 29 | 39 | 49 | 59 09 | 19 |29 | 39 |49 | 59 | 09 | 24 | 39 | 54
19 | 09 | 19 | 294 39 | 54 09 | 19 | 29 | 39 | 49 | 59a| 09 | 24 | 39 | 54
20 | 09 | 24a| 39a| 54 09 | 24 | 39 | 54 09 | 24 | 39 | 54
21 | 09 | 24 | 39 | 54 09 | 24 | 39 | 54 09 | 24 | 39 | 54
22 | 09 | 24 | 39 | 54 09 | 24 | 39 | 54 09 | 24 | 39 | 54
23 | 09B| 24 | 39c| 54 09 | 09 | 24 | 39 | 54 09A| 24 | 39E| 54
0 | 09c| 24 | 39p| 54a 09 | 24 | 39a| 54a 09E| 24 |39FE| 54A
1] 09a 09A 09A
A : fahrt als StadtBahn-Linie 2 nach Sieker E : StadtBahn-Linie 10
B : fahrt freitags und vor Feiertagen als StadtBahn-Linie 4, F . fahrt nur bis Sieker Mitte
SadEn e e s e e und u
C: fahrt freitags und vor Feiertagen als StadtBahn-Linie 4, . moBiel de.
Toniags ois donnerstags und an Sonn- und Felertagen als Bitte beachten Sie die Sonderfahrpline am 24.12. und 31.12.
D fay fetags nd vor Peeragen als SadtBalin e 20200 fncen S den NachiBus-rammnen.
StadtBahn-Linie 10 bis Sieker Mitte
giiltig ab: 17.06.2018
Infotelefon moBiel, rund um die Uhr (05 21) 51-45 45 www.moBiel.de
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